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INFRA RED DRYER 



This invention relates to the field of infra red dryers^ 
in particular short-wave infra red for use in drying 
5 paper, board or the like in the' papermaking industry. 

In the . papermaking industry, it is necessary to dry the 
newly-manufactured paper or board (the '^sheet" or 'Veb^') 
by promoting the evaporation of moisture from the sheet. 
10 This is achieved partially by the passing of the sheet 
over a series of steam-filled drying cylinders and 
partially by the use of an infra red {^'IR^') dryer such as 
the APOLLO ® shortwave IR . dryer, manufactured by Compact 
Engineering Ltd of Thirsk, United Kingdom. 

15 

Such an IR dryer is typically placed adjacent the last of 
- the series of .drying cylinders and- is positioned as close 
i'-^tar the: moving '^sheet ^'as possible, in orders to 'makimise^ the 
drying effect. Drying is , achieved by... the absorption ; of 
b IR by the. sheet, which causes moisture held by. the fibre- 
::\-.^0P ■ eyajp orate V :r^i3y::. careful r selection of the wavelength of 
^i^^:s■phB^^^^^^^ ■ r. Water: molecuI^s • can be ■ 

would 

4:/\^f;pi:e;^'ent-\ : ^ 

7 1 ^ ..Clearly,^, the> ris in the papermaking ' 

S:'.^^::^]^^^^ a ' situation where -the fast- 

come 'into - contact-;- - 
;.jo.th the;:IR;^ is essential that. . 

the^ surfap^^ , 
-tjcqmbu ad&essedS' by ^ tlri^'^^^^^^OlJj^ 

'- ^^^^^ '.which has .'an optical-quality: quartz 

intermediate the IR-emitting lamps a movihg^^^ 
7 0-^i^^kf :air7pppledv . the -air - flow^^ n^ v 

CONFIRMATION COPY 
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only promotes evaporation of moisture from the sheet but 
also ensures that the quartz plate does not become hot 
enough to cause risk of combustion. 

5 A typical arrangement is shown in Figure 1 wherein an IR 
dryer 1 is located adjacent a drying cylinder 2 over 
which the sheet 3 passes in the direction indicated by 
arrow A. The IR dryer comprises an array of heating 
elements ^, each encased in a quartz tube 5^ a reflector 
10 6 and a planar quartz plate 7 which protects the lamps 
(the heating elements encased in quartz* tubes) from the 
moving sheet and from any debris in the vicinity of the 
apparatus. This plate is known as a ^^lamp protection 
plate". A cooling air flow is provided as indicated by 
15 the dotted arrows. 

Although very effective^ a quartz plate of the type 
illustrated in : Figure 1 is relatively, expensive to 
■ manufacture^ : typically: produced from 'an- opened and 

V2Q;, f lattened.. cyljjide of: quartz. :r.. ■ ;.r Vr';;^' 

Furthermore> • as ':Can be - seen in-. Figure:- l;';'' the- IR . dryer" 1 
is not. ; ; located;.- ..constant . dis tail moving . 

sheety because-:-:. :it ,has ; a - : planaz; lamf):;. f array- ^'.Mild quartz 
25- plate adjacent -the curved: surf ace '-of the. d 

Optimum drying occurs at point X,^ with' a progressive loss. :: 

of / 'the\ end- point s;'^' 
^ mp r e-;^5^^ t e r i h g - ' 
: ~>:fr^:c('.^#i^<=^td9n -rather "than, - th"e " desired"-- 

_3Q^,- . afc>.sorpt^ . occurs/:- most: ef f e^ctively ■ at 'pbiht; X.^ • 

a v6 id 
^Have this* 




-^cs^iku^^ upt* .- . t Or '/no w 'ii ' been ; impossible^: to 



35 



\: - clt > lsr;thus;v an;.i;.G)bj.ectj' of - ther-'pi:eseh-&-^ihy^ 
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an IR dryer which seeks to alleviate the above-mentioned 
problems . 

According to a first aspect of the invention there is 
5 provided an IR dryer, for use in drying a continuous 
paper web by means of IR radiation, comprising 

an array of IR emitters arranged, in use, in spaced 
relation. to the paper web; 

a lamp protection plate intermediate the IR emitters 
10 a:nd the paper web, 

characterised in that at least one of the lamp 
protection plate and the array of IR emitters is curved 
whereby drying a paper web which moves in a curved path 
is facilitated. 

15 

The provision of a curved array of IR emitters and/or 
lamp protection^ plate ^ mitigates, the problem illustrated 
, in and described with, reference,' to , Figure 1 above. The 
j;: "^curvature of .the IR emitters and/or lamp. 'protection plat^ 
20 ideally closely matches the curvature.':: ;of: : the ■ dryirig 
cylinder oyer which the paper wdb is , moving, so that the 
;:.r-./ / drying effeqt is^'.e : ^ ^ 

Provision of curved IR emitters and/or .a curved lamp 

25. ^proteetipn:/ - plat€i;- hks, .up-.ttp inowv: ■ riot been ; : cbrnmercially 
. . feasible because; the.y . technical r^p^ ' >ahd;^. expe^^^ 

- . /;.assbciatjedi^^^ 

"I'i^suf f ic^ prah^ . : ' ."irtetho.d, 

" 3Q . ' producediyspi^;^ aspect^ of the invention can be. 

; ;. -.put^ intp:].ef^ ■ ; " y '•■ ' ■ ' ■■' 

•■ •^^ ^^ii^^ 4'^ ' Si- lamp; comprising 

; a ' fieating^;;^^ ^ • curyeci; quartz ^ tubev- " 

3 5 . ■ . L..^. Alt e'r na\4.y e.l Y n .each . of /said -IR ' emi 1 1 ef s. is;. ga/s'T-po wer ed. . • ■ 
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10 



Preferably, said lamp protection plate comprises an array 
of curved quartz tubes. This means that quartz tubes, 
identical to those used in the IR-emitting lamps, can 
also be used to form the lamp protection plate, thus 
reducing expense as only one type of tube needs to be 
produced • Furthermore, in any case, the use of curved 
quartz tubes (manufactured according to the method 
described below) is much more cost-effective than 
conventional production methods for known quartz lamp 
protection plates. 



Ideally, said lamp protection plate is cooled, in use, by 
the passage of gas, for example air, through said curved 
15 quartz tubes. The use of quartz tubes to form the lamp 
. protection plate provides useful paths (i.e. the interior 
of the tubes) through which air • can be passed to cool the 
lamp protection plate, .which would not be possible with a 
- . : conventional . lamp . protection plate made, " from a solid 
.20: :plato. of quartz-.. . .v.,:;.;.; '.^ 

; , Preferably, the .^IR dryer' -further >rcom^ -Tcurved 
; v =; ^ reflector piate. " \\ .""^ ■ . * 

•^^c' ^Acpording->. to a/ second aspect : of - th4-^;inverit^ ^ there -is 
:-::--v-;/pi:oyided an, • m:-,dryer, jr-f^ use:^- in;^;:.<^ry^ 

3C ^ paper , web; by meansKof - ifor^rkdiatipn/l'^o^^ ' *' 

' .s^~;f:v>"V .an ,array^ of IR-. emitters arranged,- in '"'use; -'"in- spaced 



^0 a lamp protection:^^plate; intermediate^ 

and. the paper web, • - • • ■\':-^- '^^^ V^c.:^:'V.r.>''' \ . 

t^^t ' trie .^larii^^^^^^^ plate 

q9r^ a plurality- :;^pf ^^^ qiiar^z/^itiubi^ -in I kn 
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Preferably, the lamp protection plate is cooled in use, 
by the passage of gas, for example air, through said 
quartz tubes. 

5 Preferably, said IR emitters are lamps each comprising a 
quartz tube, substantially identical to those used in the 
lamp protection plate, in which is located an IR heating 
element . 

10 Preferably, said quartz tubes are curved. 

Use of quartz tubes, identical to those used in the IR- 
emitting lamps, to form the lamp protection plate, 
reduces expense as only one type of tube needs to be 
15 produced. Furthermore, in any case, the use of either 
readily-available (linear) quartz tubes, or curved quartz 
tubes (manufactured according: to the • method described 
below) is much more cost-effective than conventional 
production methods for known quartz lamp protection 
. 20 ; ...plates. = - . " -Ni^/:. ' . ^* ■ 

According- to ^ a third aspect of the invention there is. 
' _4 ". •/j- provided': a method^, of bending- an elongate, quartz tube ■ 

comprising the isteps of . " ' : '-.s • - 

:\-25:- -'ri-r- n' : /: Supporting the . tube ; in . a ', substantially vert;Lcg.l": ; - 
' :f • : ■ •' orientation; • • • . - /''•'•^^ ..: 

. . .gripping the tube near-its uppermost^ end; ^ ' 

' n--;. ' - heating ^ the tube . -at region intermediate ■..i^.S':ff 

: i^-I^y^t^L - ■ ■ ^ : lowermost end .and the uppermost end;. and-:.:\ " , " . y.:._,::o_ 
V;:-: ' 30 :. '■-:-z>-;;- moving the gripped, uppermost -end of . the tube so ^ 

.that -thevy.-tube/v so'f ten^d..4-in-.- -the-i"'- vicinity of the. • 

J :,mo ving/ f or ce. •• ri s :r..appl:iedf to • t hie;; ... v. 

/ : 3^ by gripping and pulling near its-- - uppermost end 



wo 03/071029 



PCT/GB03/00697 



6 

rather than from below the tube. In contrast to metal, 
the ""^softening point'' of glass, i.e. the temperature to 
which the glass needs to be heated in order to defoirm, is 
relatively near the melting point of glass . The 
5 fragility of glass and the nearness of its softening 
point to its melting point means that a glass tube could 
not withstand a pushing force applied from below without 
''^slumping'' or collapsing. It is therefore necessary to 
provide the moving force from above, i.e. by pulling at 
10 the uppermost end of the tube. 

Preferably, the gripped uppermost end of the tube is 
moved in an arc. 

•15 Preferably, the tube is counterbalanced. 

Preferably,, the lowermost end of the tiibe is constrained 
to move in a substantially vertical path. 

20 • According to a fourth aspect of the invention, there is 
.'; ' provided apparatus for bending an elongate quartz tube 

- . . V>^?v ^^ • comprising. ^ ^ : ' * v--'; " . /; ' * •/ • . . • 

■' ^ /^:hfK^^::r-^ --:^ ^;v'3uppbrt ■ means, v for- supporting : the tube., in a. 

■T; V vr substantially vertical orientation; : : . . : . . : 

■-^•^ ■ ; V'.25^v4i;;' V - v> . rgripping : means\.>f or. : gripping the tube near its 
t^i^y'"'^ '\]' upperinost end;' . .- ■ ' 

^s^: , S ....'heating'V means*- situated at... region intermediate 
^ -\V'*r^--^ ,>the '^lowermost end and th6 vuppermo^fe 

• •• /'30'r£^Jt,'- " v::. dr 1 viilg • me ans for moving the gripped uppermost 

. ^^end'Of the tube, .^.in luse,. so that the tube, . softened ■ ' 

^^£A^:::^f¥^^^ of the: heating means, is bent. 

ffj^ meaLns,'^;subs tant ially : surrounds the . / 
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Preferably, the heating means comprises a plurality of 
gas burners- Ideally the plurality of gas burners 
comprises a ring of gas burners, in the centre of which 
5 the tube is situated, in use. 

In a preferred forni, the apparatus is provided with 
barrier means which has a curved surface against which 
the tube may abut, in use, so as to prevent lateral 
10 movement of the tube. Advantageously, the barrier means 
comprises a* wheel. Ideally, the wheel is removeable and 
replaceable with a wheel of different diameter. 

Preferably, the apparatus further comprises a counter- 
15 balance arrangement by means of which the lowermost end 
of the tube can be constrained, in use, to follow a 
substantially vertical path. 

■ In.j a preferred form^ ...said: ..driving means: comprises .a- 
20. pivotable arm, .1 at one . end of which. : isj ; situat^ said 
gripping means, the arm . being plvotable, in use, so that 
/v^ A; the gr ippingl itieans:-;. genera lly.rd an arc. . ^Ideally,. ' 

' • said ,piyot3ible" .arm' 'is driven by-, a motor. ^iC:.::/:':^': :;• — 

.:-25:^ Preferably; the pivot point of said pivotable arm. is, in 
use, substantially horizontally - level ^ with - a desired - 
region ,^of bending of the tube. 

-Preferably,/ said gripping means is water-copied. _ „ - ; 

30 

According to a fifth aspect., of the invention, there is., 
"provided k ' curved- quartz tube manufactured- using the 
""'^"--apparatus ^and/or method of any of _ the p'receding 
' paragraphs. Preferably, an infra , red : .(IR) . heatingr: .= 

-35^ . element-- is. located within *the curved . guartz tube.:... ^v.; • 
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According to a sixth aspect of the invention there is 
provided an IR dryer for use in the papermakirig industry 
which includes an array of curved lamps each of which 
5 lamps comprises a heating element located within a curved 
quartz tube as claimed in the preceding paragraph. 
Ideally, the dryer further includes a curved reflector 
plate. 

10 According to a seventh aspect of the invention there is 
provided an IR dryer for use in the papermaking industry 
including a curved lamp protection plate which comprises 
an array of curved quartz tubes as described above. 

15 Preferred embodiments of the present invention will now 
be more particularly described, by way of example only, 
with reference to the accompanying drawings wherein, 

' Figure- IMs^-a cross-sectional . view of ' a known type of IR 
!0 : dry^r adjacent: a: drying cylinder (PRIOR ART) ; 



Figure- lA is a. schematic top =.view; of ; the; 
tubes. (PRIORI ART) /i.^. -V-.-. • \ I ^-/r, 



'array of quartz 



5 - Figure = - 2A : is.: an -./rend view., of . : a : curved. - quartz tube 
" • "• -■according to one- aspect of . the .invention;. *. .. . .. . .. - 



, Figure* 2^B _is a side -view^4(on arrow A) of -the tube shown 
in Figure:- 2A; - ' -v^K ^ 



0 



Figure 3' is - a^r schematic Reside l^view"^ of "-"Apparatus 'for 
- '^^bendin'gV"^- a- ±n place , 'ready'^ 
to be berit;Ov /"V" - ^ ^ ' ^ ' - " ^ - " ^ ~ ^ ^ 

5 Figurei-.-4,-^.drawn- to.^a^ smaller /.scale, r shows, the apparatus - : 
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of Figure 3 part-way through the bending process; 

Figure 5 shows the apparatus of Figure 4 at the end of 
the bending process; 

5 

Figure 6 is a cross-sectional view of an IR dryer 
incorporating curved quartz tubes; 

Figure 7 is a schematic plan view, drawn to a larger 
10 scale, of the array of quartz tubes comprising the lamp 
protection plate illustrated in Figure .6; 

Figure 8 is a- cross-sectional view of part of an 
electrically-powered IR dryer incorporating a lamp 
15 protection plate comprising linear quartz tubes; and 

Figure 9 is a cross-sectional view . of part of. a gas- 
powered JR. dryer incorporating a lamp - protection plate 
• j.^':- comprising linear quart tubes ..: ■ • 

20 ->.".-./ - . : , ..Mj::. .-^.•-K -y-?:;!- V.-- ' - 

Throughout this applicatipn, the term "^quartz^' is u3ed to 

y o /refer: tpv;..vitreouS:/ -3ilica\: brS qiAairtz; ^0Las^. j ..The; teriri;. 
a. ':: ;,.- ^'array'^ . in: • the-/: .^context -^.of :^i -quart z^:v-^ti^^ ■ 
. 25 elements means that a; pluralit of , elongate -tubes •;-and/o^ 
: heating elements- are :arranged . side -by. . side, -with.-:- their., 

longitudinal axes parallel to one^ another (see Figure lA^. 
for example) . Although reference is madej-Jthroughout this 

application to an ^electrically-powered ^^^Y^^r 

30 invention is equally'^r applicabre^'^'^to. 'a gas powered IR 
' dryer. ^ r ^ ^~ ^-^ ^-J .^^> .^t - >1 . . 

•V " ^ : Quartz :', tubes '^ are " commonly-^ paper.ip-. 

drying. -.Such tubes- are lineai:, elongate, hollow, quartz 
35 : tubesr-each of - which- lare: :usedic:to- ■ aecommodate^^ an:. -IR: ..heat ing-.. . 
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element. A plurality of such tubes containing heating 
elements (/^lamps") are arranged side-to-side to create 
the array of IR lamps illustrated in Figures 1 and lA and 
known as prior art- In this arrangement it is important 
5 that the quartz tubes are very straight so that they, can 
be located closely adjacent one another without creating 
gaps therebetween and so that the array of tubes is 
substantially flat. 

10 In contrast^ the first aspect of the present invention 
relates to a' process for bending quartz tubes to create a 
curved tube of the type shown in Figure 2.' The curved 
tube 10 is bent in one plane only^ i.e. so that it is 
still very straight in directions X and Y (as shown in 

15 Figures 2A and 2B) but is curved in direction Z. 

The quartz tiabes are those commonly known in the field of 
. IR dryers ■ for the paper making industry such, as are 
normally used to enclose an , IR heating; element.. The 
20 . quartz tubes are bent using apparatus as illustrated in 
Figures 3-5. 

' Referring- to; Figure 3, the .apparatus comprises a- floor- ...... 

" "^standing - f^^ 11,. in which can. be supported a . 

.25 - 'quartz tube 10. . The - quartz -tube 10. is.' . held ih:..;a ; 
« substantially vertical position : and : is -.gripped, i.^:^^^ its, . 
' upper -end. by"; gripping means 12---; -The, gripping -^means .-12'\^; ' 
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detail below. The guide wheel may be removeable and 
replaceable with a wheel of different diameter. 

Intermediate the guide wheel (^'the barrier means'^ and 
5 the gripping means is a ring burner 14 which surrounds 
the quartz tube 10. The ring burner is preferably a gas- 
powered ring burner^ but other suitable means for 
localised heating of the quartz tube may be envisaged. 
It is important to note that ring burner 14 (^^the heating 
10 means'') is situated between the guide wheel and the 
gripping means . 

The gripping means 12 is mounted at the distal end of a 
pivotable arm 15 which is pivotable about a pivot point 
15 16. The pivoting . of the arm 15 is controlled by a 
driving means (not shown) which may be,^ for example, an 
electric motor. The pivot point 16 of the pivotable arm 
15 . is, :'in use;, substantially, horizontally level with a 
desired, region-- of bending, of the tube. 
::20 - ■ :.■ ■ V ^v': : ••- " :- ' 'l- : ■ " • 

Alignment. . of; ..the; quartz tube during bending.- m^ be 
eff ected . using a counterbalanced arrangement comprising a 
glass : f6ll:Qwer 17; which .runs. v The follower 

17 includes an: upstanding; spigot. 17A: which is . of , suitable 
:v\25 :::i^;diamet fit., within the lowermost ; end of- .the holl^ 

y^^y :..tlibe. . .The.: follower . 17' is slidably in :. 

. ' ^ track, or;, guide rail IS so,^ that the4,lowermost ^.end" (by 



' - means^.of.. the spigot 17A and track-mounted follower 17) is 

* JiS pnly-:;;yer;fe^ i e i^ft^ipJig^ J-^}i^ji 




; >">\-":i<35i:;-^^^ 5, the.; apparatus.^ ^j-is used . .-^^ - 
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as follows- The ring burner 14 is ignited so as to heat 
the region of the quartz tube enclosed by the burner. 
This causes the quartz tube to heat up and soften in that 
particular region. 

5 

The driving means (not shown) causes the pivotable arm 15 
to pivot about point 16 in the direction indicated by the 
arrow in Figure 4 . The pivoting is controlled and 
relatively slow, the speed being determined according to 
0 the dimensions and .type • of quartz, tube being bent and may 
take into account other factors such as the temperature 
of the heating means etc. The pivoting of the arm 15 
causes the gripping means 12 to describe an arc, pulling 
the gripped uppermost end of the quartz tube 10 with it, 
5 so as to bend the tube. Undesirable -lateral movement of 
the quartz tube (i.e. toward the pivot point 16). is 
prevented by •abutment' of the tube (lower down) against 
the guide wheel 13. Such undesirable lateral movement may 
occur if the -quartz- tube~ has greater diameter than 
expected or if the tube is not hot enough to ' bend 
-properly in the vicinity of the; heating means . 

> -^s the • gripped^ upperm^ tube is being 

' moved . ^by th#>-:p^^^ ' arm,.;- . the whole; - quartz tube • is 

> moving - verti^^^ glass follower :17 (and hence the 

lowermost - end: of the- quartz ::tube):i is constrained -to move \. 
,^vertically: within ;the tracks 18 -so ^ that^.^the- straightness ;- 
of "^theV^'cjuartz'Vtube £n two of .the three dimensions is, 
;X;?Tn;^inf,a"inWdV -Thus >-the- tube is only bent in_ pne__desired j 
^^ldimehsion\^_. ;r^^ .^^^^ j'-t'^ - . ^ . "^T \ ^ ^- ' '^'>' 

/\ln^''~l^^^ [P^ /uWed'^' to impr9ve the; 

' straightness of tW- tube in the"^ said ^ two of the ~' three 
-I dimensions ;^\it is^ ktLown that, when, conventional linear 
' "quart z--^^- tubes' yre:^7-manuf actured)- ;vsli^^ , unde sir able': 



wo 03/071029 



PCT/GB03/00697 



10 



15 



13 

curvature may occur as a result of the manufacturing 
process. This is undesirable when the linear tubes are 
to be used in a (conventional) linear array of IR 
emitters because it means that linear tubes may not sit 
tightly side-by-side. 

However, it is particularly undesirable when the tubes 
are intended to be used in the formation of a lamp 
protection plate (either planar or curved, according to 
the relevant embodiments of the present invention) 
because any gaps between the array of tubes arranged 
side-by-side may allow debris to pass through the lamp 
protection plate potentially causing damage to the IR 
dryer. 



It is therefore highly desirable to correct any curvature 
'■ manufacturing- defects in the linear. :tubes used in the 
method described herein-/ ; This occurs- automatically in 
the . bending process described . abovev-r./.- .. it ; is. also 
20 envisaged that the bending apparatus described .herein 
. . / could be adapted., to/ correct; curvature defe^ in a linear 
- -. quartz, / tube/ without/ bending,-: by: "Mray/ing'' - the tube 
V;,::/ . C'rverticailyn^upwards frorric - a - gripped : -portion near its 
-"i^/.:^;:.luf)permpst ; ehd/-/r/::The/ A.track/f ollower^^^^ described 
• 25-r ;:•: above-^ .couldf be::.^ used: without, signifiqant;: adaption in this 



— — -/-^-;Fi.gurer^^5-4'^ - atr -the— end^- of 



fao.ved : to 




"Key 

'6f^^^'(:mryatur^^ are' the 



^.tHe V d^^^ o6: the:^..quartz tub^ 
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which needs to be softened. 



Once sufficiently cooled^ the curved quartz tube can be 
removed from the apparatus and should resemble that 
illustrated in Figure 2. 

Two novel uses for the curved quartz tube are illustrated 
in Figure 6r although both need not necessarily be used 
within the same IR drying apparatus. Figure 6 is a 
cross-sectional view of IR drying apparatus for use in 
the paper-making industry. As with Figure 1, a drying 
cylinder 2 is illustrated, over which a paper web 3 moves 
in the direction indicated by the arrow A. 

The IR dryer 20 comprises an array 21 of heating elements 
4f each encased in a curved quartz tube 10 to form a 
''lamp'\ a curved • reflector '22 and- a curved . quart z plate 
23 which protects the lamps from the . moving sheet and 
from any debris^ in the vicinity of .the apparatus. 
20 ■ \ ^ <qri- : : ■ ■ ^ ' 

V - Unlike the prior- art illustrated; .in . Figure ,r, ; ^t 
' . ^ quatrtz plate * 23':. ? Xs-S- notvvAma'de''.. ;f rom aj^ single^ 5 piece . of 
- \ flattened quartz..: -.^An curved ,qu5Lrtz:: t can 

V. : .:be used> . (in^ V iside-to-side arrang forinv a .;:;'?plate'^ . 

25- .; (better .'referred, to - as a^' : curved ' ■••1 amp^, pr o-t: ect i onr^ pi at e . 

Since the quartz; -tubes are bent wit ^^^^ ;;:.V/ 




10 
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Given the curved nature of the lamps and the lamp 
protection plate, the IR dryer 20 is located at a 
substantially constant distance from the moving paper web 
5 3, because the lamp array and lamp protection plate 
follow the curved surface of the drying cylinder. 
Optimum drying occurs across the full width of the IR 
dryer. 

10 Although the description above relates to the provision 
of curved quartz tubes, the use of quartz tubes to make a 
planar lamp protection plate , is also new and 
advantageous. Figure 8 is a cross-sectional view of part 
of an electrically-powered IR dryer incorporating a lamp 

15 protection plate comprising linear quartz tubes. 

- As in Figure 1, the heating elements 4 are .each encased 
in a linear quartz tube 5, as- is. commonly known. - These 
. linear quartz tubes " are readily available A: plurality of 
20' /..linear quartz tubes.^ can be : placed. = together in ■ side-by- 
side relation to. form an array which is . used as..:.a lamp 
protection plate 30/ as illustrated in Figure 8. A lamp 
protection plate 30, made from: linear, quartz, tubes iS; 
much more cost-effective than the known type of lamp 
25 protection plate comprising a solid quartz plate. Use of 
quartz tubes also has the adyahtage. of. allowing air or 
other cooling fluid to be passed, through the hollow' 
V^ftub^s-;^^:^ ■ the^^-lI^Td 

'■:pr6teGti mi^J-^- .:^^:^:r.^i^^-: Ji.^. w^4-<-^^ 




•^^i ;i ;i>^a;; Us : bfv -^linear - quartz ^^tub^s;-^:-^tq^ ; 
:•; ■:}^^:ip^ appl i cab! e l^^?^;. k .g^^^^P^^ 

\ 'I "^nd. this_ is^ illustrated in l^igur^J^ 
35y,.^ passed through the tubes in the- -direction indicated by^jf^^r 
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arrow for example. Passage of cooling air through the 
tubes (A) may be instead of or in addition to cooling air 
being passed (conventionally) between the lamp protection 
plate and the gas-powered IR emitters 31^ 32. However, 
5 it may be particularly advantageous to run cooling air 
through the tubes (A) instead of conventionally (B) so as 
not to interfere with the gas flames providing the heat 
source. 

.0 The method of bending quartz tubes as described herein 
thus offers the possibility of improving the drying . 
capability of an IR dryer by allowing the lamps to be 
situated at a constant, optimum distance from a drying 
cylinder, radiating normal to the surface of • the 

5 cylinder. 

Furthermore, the- cost of manufacturing. IR drying 
apparatus can be significantly reduced by using an array 
of curved-^ quartz . tubes, either . linear- or bent as 
0 • described i herein, 'in place of the ^ convent iphal ; flattened • 
quartz plate used as a lamp protection plate... . .. 



